This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not hmited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• DLLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



J 



Eiifoplischos Patentsmt 

® /|}|| EuropMnMnrtOlliee 0 PubVcalion number 0 215 987 

Offloewreptandesbrovalt A1 



® EUROPEAN PATENT APPUCATION 

® Application number 8S306698J @ InL a.*: C12N 15/00 , C12N 9/12 , 

csr^^.. C12N 1/20 , C12N 1/18 , 

€> Date of fiUng: MMM //(C12N1/20,C12R1:19) 



@ Dale of publicatkmol application: 


® Applicant OlMlor of NatlomilmW 
Auroblolotflcal RetoimM 


uleor 


OlMJTBulietln 87A14 




CPv DBStonflted Conlr&clino SIbAbs! 


Kannoffidal YatabMMchl 








BECHDEFRQBUNLSE 






® Inventor. Hmbi Joh^ 






907-m. 4«hoin«p NamHd Sahunmi 






N9iarH^ ttMralMBrK JP) 
Inventor MrochflBt HknMho 






No 416-301, 4«hofiie^ MatsusMro 






YatBb&HTOchi 






Tsukutoiiim llMralMBn( JP) 






Inventor TaMMIi HmMM 






Nou 621<BS^ S-€hoimp MateinMro 
YalateHnracM 






Tsitabailun BMrakHiaiK JP) 






® Representative: SEaOEAirTB 






25k The Orescent Kbng Ctneel 






Letoeater, LEI 6RX(QB) 





® RvversetrBnacrlptase,gene,recomt>toi8mDN^ 



® A reverse transcriptase encoded by caumkmer 
mosate virus, a cloned gene encoding for a polypep- 
tide having the reverse transcriptase, a recomt)inant 
DMA containing the cloned gene, and living ceHs 
Involving the recombinant DNA are produced from 
^Ihe Bving ceHs. Yeast Is used as an eucaryotic host 
<fer the production of the reverse tr an scriptas e . 

IS 

s 

in 

N 

Q. 
Ul 



XamKCopyCanlre ■ 



1 



0215 887 



2 



Reverse Transcriptase, Gene, Recombinant DNA, Cell Une and Method. 



DESCRIPTION 

Technical RekJ 

The invention reiales to a reverse transcriptase 
coded by cauliflower mosaic vims, a cloned gene 
encocfing for a polypeptide having a reverse tran- 
scriptase activity, a rscombinant DNA containing 
said cloned gene, and Fiving cells involving said 
recombinant DNA. The invention includes a method 
for the production of a reverse transcriptase using 
fiving cells involving the recomtrinant DNA. 



Background Art 

Reverse transcriptase, an enzyme which is ca- 
pable of synthesizing DNA by means of RNA as a 
tsmptate Is termed RNA dependent DNA poiy^ 
merase. 

In 1870. reverse transcriptase was discovered 
in Rausher mouse l^jkemia virus (abimvialBd as 
R-MLV) by Baltimore (See: Naturs, ^ 1208 
(1870)), arKj in Raus sarcoma virus (at)breviatBd as 
R8V) by Temin and Mizutani (See: Naturs, ^ 
1211 (1870)). 

After further investigation, it has t>een dem- 
onstrated that this reverse transcriptase may be 
OTcoded charscteristicaily by RNA tumor vinises 
which have a tumorigenic atrility and which may be 
classified into the family of retrovirus kielonging to 
animal virus containing RNA as a gene, and that 
this reverse transcriptase is a minor component of 
vims particles (See: RNA tumor viruses, ed. R- 
Weiss et al. Cold Spring Harbor Laboratory (1882)). 

The retrovirus which was first discovered in 
mice and chickens was later demonstrated in cats - 
tSee: Spiegelman et al., Nature 563 (1870); 
Halanaka et aU Proa NaU. Acad. Sd. U.SA SL 
143 (1870): ScoNk et aL, Proc. NaU. Acad. Sd. 
U.SA SL 1034 (1870)1 in monkeys [See: Schk)m 
and Spiegelman, Proa NaU. Acad. Sd. U.SA ^ 
1613 (1871); Scolnick et al., Science. 177, 1118 - 
(1872); Abrell and GaSio, J. Virol. 12, 431 (1873)] 
and in humans [See: Poiesz et al^ Proc. Natl. 
Acad. Sd. U.SA 77. 7415 (1880); Yoshida et al.. 
Proc. Nad. Acad. Sd. U.SA JS, 2031 (1882)]. 
Prom a specific mode of multiplication of the retro- 
vims, the retrovirus may be considered as coding 
for a polypeptkfo having a reverse tra n s c riptas e 
activity. 



The discovery of the reverse transcriptase has 
resulted in an extensive advancement in gene en- 
gineering. Particularly, if it is possitrfe to purify a 
messenger RNA (d)breviated as mRNA) as a gene 

5 product in higher animals and plants where kien- 
tification is difilcult. it is feasible to prepare by 
means of the reverse transcriptase a DNA com* 
plementary to stf d mRNA (abbreviated as c-DNA). 
If such c-DNA as mentioned is prepared, it can be 

70 inserted into various plasmkis or into expresskwi 
vectors, thereby to construct a recombinant DNA 
which is then transduced into and is proiiferBted in 
host cells to produce a large Quantity of dedred 
genes or gene products. Such an attempt as men- 

T5 tioned has already been made in ttie productkMi of 
physfofo^cally active proteins derived from hu- 
mans such as interferones [See: Gray et al.. Nature 
^ 503 (1881); Nagata et al, Nature j^l. 316 - 
(1880): Taniguchi et al.. Gene Ifi, 1 1 (1880)]. 

20 Until now, purification of reverse tranwyi p tase 
has been tried only from purified virus particles 
derived from chickens and mice, as such Pmes of 
virus to be applicable are restricted to those origi- 
nating from chickens and mtee that are able to 

IS supply vinises in such an amount enough to be 
purified to prepare reverse transcriptase as a minor 
component of virus particles. The reverse Iranscrlph 
lase now commercially availatile rs prepaed from 
Avian myefobrastosis virus (atsbreviated as AMV) 

30 particles which may be recovered from plasma of 
cMckens infected witti viruses. Beared et aL have 
prepared a large quantity of reverse transcriptase - 
(See: J. Virol. ^ 517 (1878)) us^' as the starting 
material several tens of grams of viruses. The 

S5 preparation of reverse transcriptase of a high purity 
and of a high quaTity, as well as the sdution 
various problems such as equipment, safety, yidd 
and materiality of vims particles, which are encoun- 
tered in connection with the preparation In a large 

40 quantity of animal RNA tomor viruses as tiie source 
materid for reverse transcriptase, may preferably 
be performed dttier by using as tiie starting ma- 
terial some ottier kinds of retroviruses of no 
tomorigenic activity, or by means of recombination 

4s DNA method to produce the reverse transcriptase 
encoded by retrovirus. 

However, until now none has succeeded in 
preparing of a reverse transcriptase by such re- 
comt»nation DNA metiiod, or prepared a reverse 

50 transcriptase from plant viruses, Cauiifkywer mosdc 
viruses which are quite different from retrovirus and 
have potentidly tumorigenic activity. 
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Cauliflower mosaic virus (abbreviated as 
CaMV) is a plant virus which contains as a gene, a 
double-stranded DNA having a cyclic structure 
com p osed of about 8000 base pairs. Cauliflower 
moeaic vims infects plants of Brassica cam p estri s 
and thereby produces mosaic specks on the leaves 
80 that the viruses inhibit the growth of the plant 
However, this virus exhibits no tumorigenic actMty 
against animals and human beings. 

Three disoontinuanoes (A1, ^ and ^) have 
been detected in CaMV genomic DNA. UntD now. a 
whole base sec^ience has been determined for 3 
Mnes of CaMV; Cabb-S strain (Franck et aL, Cell 
2t 285 (1880)). CM 1841 strain (Gardner et aL. 
Nudek: Ackl Res. fi. 2871 (1881)) and Cabb-D/H 
strain (Balazs et al.. Gene. Jj. 238 (1982)), and 7 
open rsacfing frames (ittreviated as ORF kVII) 
have also been established for these lines. Based 
on the structure of virus genomic repHcation Inter- 
mediates in a CaMV-infected plant cells and on the 
detectton of reverse transcriplase-iike activity 
Msed to the vims genomic repRcatkm Inters 
medtetes. the possibility has been discussed 
whether or not CaMV encodes for a poiypeplMe 
having a reverse transcriptase activity, as in animal 
retroviruses [See: Pfeifier and Hohn et al., CeB 3?. 
781 (1883); Pfeiffer et al.. Plant Mol. Bk>l. 3, 281 - 
(1984): Vdtovitch et al.. BABO Journal 3, 309 - 
(1994)1 



THEINVBinON 

The present inventors, on the presumptkm that 
CaMV contains gene encoding for a polypeptide 
having a reverse transcriptase activity, have tried to 
iaolale and identify a reverse transcriptase activity 
from purified CaMV partkdes. As a result, the 
present inventors have succeeded in detection and 
k tentifi ca tfon of reverse transcriplase activity from 
virus partk^ies prepared in miki condHkm without 
resort to Triton-Urea treatment whk:h had been 
applied for CaMV preparation. In a comparison of 
the CaMV base sequence with that of the retrovinis 
reverse transcriptase gene base sequence per* 
formed by computatkm on a computer, a base 
sequence similar to that of reverse transcriptase 
was detected in a region of the base sequence of 
ORF V. These facts reveal that CaMV is a plant 
retrovinis and CaMV bears a gene encoding a 
polypeptide having a reverse transcriptase activity. 
Since optimum temperature for growth of plant 
cells is 25<'C to 28''C. it may be predicted that the 
optimum temperature for the active enzyme en- 
coded by CaMV proliferating in plant cells at a 
temperature tower by about 10*C than the opti- 
mum temperature of animal cells is in a much 
tower range than that of enzymes which generally 



shows an optimum temperature of 37*C. Conse- 
quently, there may be an advantage in CaMV re- 
verse transcriptase that the reverse transcriptase 
can be fully applied at such a tow temperature as it 

6 is able to inhibit the UMror RNA-nudease whkii 
may generally contaminate in the synthesis of c- 
DNA in vitro. A whole genomic size of RfOA ^bout 
8000 nodeotkJes) has been detected in C&MV- 
Inlected ceils. As It may be constoered to devetop 

10 reverse transcription using the RfiA as a template - 
(Hull and Covey etal., Nudek: Ackj Res. IL 1881 - 
(18»); Pfeiffer «id Hohn et al.. Cell ^ 781 - 
(1983). It is expected for CaMV reverse transcrip- 
tase to have an ability to synthesize c-DNA cor- 

15 respondi n g to 8000 nudeottoes. Such characteris- 
tics observed in the CaMV reverse tran s cii p tase 
are extremely useful for the synthesis of a genomto 
c-DNA based on a tonger messenger RNA precur- 
sor derived from a higher eucaryote as the tern- 

20 plate. 

As It is very dHltoult to prepare free CaMV 
pankdes in large quantWee whHe keeping the re- 
veree tr an scr ip tase active, there has been a grow- 
ing demand for ctoned genes encoding the reverse 

25 transcr ip tase and a recombinant DNA bearing such 
doned genes. There has also been a requirement 
for iving cen anes containing the reoomkiinant DNA 
and for a method to produce a reverse transcrip- 
tase using such Iving oeH Ines. 

SD A doned gene encocfing for a polypeptide hav- 
ing a reverse transc ri ptase activity has been con- 
stoJded by supplying a Dt4A composed of a gene 
encoding for a polypeptide having a reverse tran- 
scrii:rtase activity and vector DNA to be rspBcatod 

ss in procaryotic or eucaryotic cells, the coding se- 
quence of the gene being tocated down stream of 
a promoter sequence. The procaryotic or 
eucaryotic cells are transformed with a coding 
gene and a vector DNA so that it may produce 

40 reverse transcriptase. 

Reverse transc rip tase according to the inven- 
tion may be prepared by aerobk: ctmivation in a 
medum suspended with procaryotic or eucaryotic 
cell lines, whtoh have been transformed so that 

45 they may produce the reverse trartscriptase. by 
inserting genes as coded to produce a polypeptide 
having a reverse transcri p t a se activity and vector 
DNA to be repHcated in a such manner that a 
oocflng sequence of saki gene be tocated down 

50 stream of a promoter sequence. 

A doned gene encoding for the reverse tran- 
scriptese may also be prepared from vims DNA by 
treating with a restriction enzynrte endonuclease. 
the Df^ regton of CaMV DNA conespondlng to the 

55 reverse transcriptase gene encoding a polypeptide 
having a reverse ft an s cripte se activity. 
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As a source matsrial of the gene encoding for 
Ihe reverse transcriptase according to this Inven- 
tion, tiiere is used CaMV wiiich has been prepared 
by cloning onto EK-type piasmid vector (relaxed 
type), pBR322 a genomic DMA derived from CM 
1841 strain and of which the total base sequence 
has been determined. 

The reverse transcriptase activity was assayed 
by a modification of the method described in 
•Marcus et al., J. Virol, 1£ 853 (1874)" and in 
"Dion et al., J. ViroL, 14, 40 (1974)". 

A reaction solution (0.05 mi) containing 50 mM 
Tris-HCa buffer (pH 7^, 50 mM KD. 2 mM MnO, 
80 ug/mi poiy(rA). 10 ugAnI oiigo (dG), A uM PH> 
dTTP (3000-4000 cpm/|pmol). 5 mM DTT, 0.01% 
NP^ and 100 ugAnl BSA was prepared. To this 
reaction solution thus prepared, a reverse transcrip- 
tase fraction was added and the resultant solution 
was Icept constant for a definite time at 20*C. After 
tiiis procedure, tfie enzyme activfty was assayed 
by measuring PHXiTMP incorporated into TCA 
sedimentation fraction under cooDng. Enzyme ac- 
tivity was assayed by use of 90 ugAnl poly(rC) 
ofigo(dG) (1:1) in the presence of 4 M PH]dGnP 
(3000 to 4000 cpm^xnoQ, or by use of nature RMA 
molecules which were prep ar ed by binding a hy^ 
dregen atom to the DMA Rnlcage (about 200 
nucleotides) complementary to the 3'-tsrminaI of 
tobacco mosaic vims RMA (8000 nucleotides) as 
the primer, so that &ONA synthesizing activity was 
determined. 

A yeast (IHInnen et al., Proc Natl. Acad. Sd. 
U.SA 7S, 1829 (197B)) was used as an appropriate 
eucaryotic host for the production of the reverse 
transcriptase. As a yeast vector, a yeast host vec- 
tor which has been applied by Matsubara et al for 
expression of surface antigen genes of a blood 
serum hepatitis viruses O^ype) may be used (See: 
Myanohare et al., Proc. tm. Acad. Sd. U.SA. Bd 
1 (1983)). 

Examples of apprepriate procaryote hosts in- 
clude Escherichia and Badilus sufafaHs . ^ 
scherichia coll mav be used as a preferred host for 
DMA ampiificaticm in host cells. In a num^us EK- 
type plasmid vectore (dther stringent or relaxed), 
pBR 322 and Ml^p8 which are most accessible 
relaxed EK-type p^a^tttds have be&n selected as a 
vector for Escherichia coil celis accordir^ to this 
invention. 

Transfcmnation of host ceils by use of a reconh 
binant DNA was perfomted in a conventional man- 
ner as wilt be described below. When Escherichia 
SOii was used as the host cells, the competent cells 
(capable of incorporating the DIMA) of the & 
scherichia coif were recovered at a logarithmic 
growth phase and were subjected to the trans- 
formation in the CaCli method as Icnown per se. 
When a yeast was used as host cells, these cells 



were subjected to the transfbrnnation in a modified 
Beggs*melhod (IMalure 2S. 104 (1978)) (See: 
Method In Yeast Genetics, ed. Sherman et al^ Cold 
Spring i^arbor Laboratory (1982)). 

s A recombinant plasmid pAM.ORF V DUK hav- 
ing a reverse tra ns criptase act^ity of CaMV was 
obttined from yeast cells used as host cells. f=rom 
this recombinant plasmid was also obtained a frag- 
ment; Xho l-Pvu II DNA encoding for a polypeptide 

70 having a reverse transcriptase actMty. The total 
nucleotide sequence of the DNA fifagment was 
analyzed according to the method of Maxam and 
Gilbert (Meth. Enzyme. ^ 499 (1980)) as weH as 
according to 2-deoxynucleotide Gnicage tsmninal 

75 method (Smith. A.J.M. Meth. Enzym. ^ 580 - 
(1980) and was found identical to the nudec^ 
sequence of the OFIF V. 



20 DRAWINGS 

Rgure 1 is a flow chart sho^ng the con- 
struction of the recomtnnant DNA, 

Hgure 2 is a phosphocellulose column 
chromatography of the reverse transcriptase m the 
crude extract, 

l=igure 3 Is a denatured DNA oellulose col- 
umn chromatography of the reverse transcriptase 
in the phosphocelluiose fraction. 

Figure 4 is a glycerol gracfient oentrifugatlon 
of the reverse transcriptase fraction. 



E)€AMPLE1 

Expression of the gene ORF V encoding for 
the reverse transcriptase of Cauliflower mosaic 
vires in yeast ceils. 

A recombinant DNA used for produdng ORF V 
in living cells may be prepared in such a way. for 
example, either by inserting a DNA encoding ORF 
V down stream of a promoter sequence or by 
inserting a promoter sequence ahead of a doned 
DNA sequence encoding ORF V. Various strains of 
CaMV have already been isolated, and a DNA 
sequence encocfing ORF V may be prepared from 
any one of the strains mentioned. The following is 
an example of the procedure for expressing the 
ORF V in yeast cells by use of a DNA sequence 
from CM 1841 encoding for ORF V. 
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(i) Cloning of a total genomic DMA of CM 1841 
stialn into Bacillus subtilis cfttls 

CM 1841 DNA was cleaved with Sail and the 
cleaved product was admixed with a ptasmid vec- 
tor for fiedbfi SiblS (pBR 322) cleaved also with 
Sail, and theret»y these two deaved products were 
Inked to each other by use of T4 DNA iigase. This 
inked product vras then transduced into Badltus 
aUlb cells. The resultant recomtiianant was 
named pBR«CM 1841. 



pi) Ctoning of a DNA sequence encoding ORF V 

Since the DNA sequence encoding for ORF V 
IsapttDbecutoffinthe process for the prepara- 
tkm of pBFfoCM 1841 as descrii)ed above In whnh 
CM 1841 DNA deaved wHh Sal I is inserted into 
the cleavage site of pBR 322 cleaved with Sal I. 
the foOowing procedurB was appGed to prepare a 
recombinant (pBR#ORF V»Ep) containing a DNA 
aequence encocfing for a perfect ORF V. Hrstly, 
pBR»CM 1841 was deaved by use of Sal I and 
Pvu n. and thereby a DNA fragment corresponding 
to the Oterminal of ORF V was taken out The 
DNA fragment obtained was Inserted into pBR 322 
at the restrictk)n sits of Pvu II and Sal I to obtain 
pBR^ORFV-3'. 

On the other hand. pBR#CMIB41 was cleaved 
by use of Sal I and Cla I, thereby a DNA fragment 
corresponding to the middle sites of the ORF V 
was taken out The DNA fragment obtained was 
inserted into pBR«ORF V-3' mentioned above at 
the restriction site of Cla I and Sal I to obtain 
pBR*ORF V«CP. Next. pBR*CM1841 was cleaved 
by use of EcoRI and Bgl II. therby a DNA fragment 
corresponding to the N^terminal of the ORF V was 
taken out The DNA fragment obtained was tn> 
sorted into the pBR»ORF V*CP mentioned above 
at the restriction site of EcoRI and Bgl II to obtain 
pBR»ORFV«EP. 



((H) Exdskm of a base sequence ahead the initi- 
atkm codon (ATG) of ORF V. and insertion of a Sal 
l-rsoof^on sequence for inserting an expressfon 
promolsr 

pBR»CM1841 was cleaved with Pst I. and 
thereby a DNA fragment containing ORF V initi- 
atkm codon was taken out The DNA fragment 
obtained was treated to a certain extent with Bal 31 
and then was cut off wHh Bgl it. thereby a DNA 
fifagment containing the InHiatkm codon was taken 
out On the other hand. pBR»ORF V^EP was deay> 
ed by use of EcoRI and Bgl II. and thereby a DNA 
fragment corresponcfing to the N-terminal of ORF V 



was taken out A mixture of the DNA fragments 
mentkmed was inserted into a phage vector M 13 
mp 8 for Badllus fldl2Bi& at the restrictkm sits of 
Sma I and EcoRI. Firom the recombinant viruses 

6 thus obtained, a singlMtranded DNA was pre- 
pared The single-stranded Df^ was analyzed for 
the base sequence by the dkfeoxy chain tennina- 
tk)n method, and was ktontified as a rooombinanat 
in which caulrftower mosaic virus DNA was cut off 

10 up to inmedialBly before the inltiatfon codon for 
ORF V. Next double^etranded DNA prepared from 
sakt recombinant viruses was deaved ^ Bgl II, 
thereby a DNA fragment bearing the inltiatfon 
codon. The DNA fragment obtained was the in- 

rs sorted Into pBR»ORFV-CP at the restriction site of 
Bgl y to obtain pBR«ORF V-SB*CP. 



(iv) Preparatfon of a recombinant pAM*ORF V ex- 
so pressing ORF V In yeast cells 

A reconribinant, pAM»ORF V capable of ex- 
pressing ORF V in yeast cells was prepared using 
a yeast expressfon vector. pAM 82 in the fbOowing 

25 procedure. pAM 8a a veast -EscharichiAcoK fihiitHA 
vector has been reported by Miyashita in *Proc. 
Natt. Acad. Sd. USA. flQ, 1-5 (1883)". This vector 
bears a marker as ars I (Stinchcomb D. T. at aL. 
Nature 32. SMS (1079) and indudee 2 urn Ori - 

so (Broach. J., et at. Gene & 121-133 (1879). leu 2 - 
(Ralzkin, B. et al.. Proc. Natt Acad. Sd. U.SA 
474-481 (1979) and a promoter for yeast add 
phosphatase (abbreviated as APase). APaae tin>- 
motor is induced Just when phoephoric add in the 

as cuNitfe sdutfon is shiftod from of a higher oon- 
oentTBtfon to of a tower oono e ri t i a tiort 
pBR»ORFV»SB»CP was partially deaved with Sal I 
and then was cleaved wHh Sea I, thereby a DNA 
fradfon in whfoh the deavage occurs at a Sal I- 

40 recognitfon site immediately ahead the Inltiatfon 
codon for ORF V and whfoh contains ORF V. was 
taken out On the other hand. pAM82 was partially 
deaved with Sea I and then was deaved with Xho 
I. thereby a DNA fragment In which the deavage 

45 occurs at a Sea I recognitfon site in a AmpfoilKn- 
reststent gene (Ap^ and which contains ars l was 
taken out This DNA fragment was Ggated using a 
igase wHh the DNA fragment conteining ORF V 
rnenttoned above and the ligated product vras iritfo- 

50 dijoed Into cells of yeast AH 22 strain. The resul- 
tant transformant exhibited a cell number trans- 
fomned as 2/ug DNA. The recombinant piasmid 
obtained was named pAM*ORF V. and the yeast 
cell containing saki recomkiinant plasmki - 

fis (pAM^ORF V) was named AH 22/pAMORF V. TNs 
yeast strain has been deposited in Fermentatkm 
Research Institute. Agency of Industrial Sdence 
and Technotogy under the depositfon No. FERM P- 



5 



9 



0215 987 



10 



7963 (PERM BP-851), The yeast strain was dem- 
onstrated to produce a reverse transcriptase en- 
coded by ORF V when phpshoric add concentra- 
tion in the culture solution is lowered. Rg. 1 is a 
flow chart showing a construction of the recom- 
t^nantDNA. 



EXAMPLE 2 

Expression of a gene encoding for a reverse tran- 
scriptase In yeast cells 

Reverse transcriptase gene doned onto 
pAM*ORF V was demonstrated in the cells of 
Saccharomvces cerevislae AH22 (a teu 2 his 4 
can I dr^) as host cells In the following manner. 
Yeast cells transformed with pAM*ORF V were 
cultured in a minimal nutrient Kqind medium oon- 
phosphoric add at a higher concentration. 

Cultured cells at a logarithmic phase when a 
concentration of 1 to 2x10* ceOs/mi was amounted, 
was centrifuged to predpitatB the celts. The cells 
thus collected was suspended again and cuitwed 
in a minimal nutrient dquid medium containing 
phosphoric add at a lower conceribalio n so that 
the expression of the reverse transcriptase gene 
Inserted beltind the promoter for add phosphatase 
may be induced. The culthmtion was conducted 
at 3D°C and when tfie number of cells amounted to 
2 to SxlO'/imI, the culture solution was subjected to 
oentrifugation so that the cells were collected. A 
complete synthetic mecfium was generally used as 
tfie minimai nutrient HQirid medium containing 
phosphoric add at a lower concentration, but is 
also applicable a yeast nitrogen base which is 
prepared by removing phosphoric add by use of 
MgS04 and aqueous NHi, followed by addition of 
essential amino adds and glucose. Spheloplast 
cells prepared In a conventional manner using 
Zymolase 100T were suspended in a hypotonic 
buffer of 50 mM Tris-HQ (pH 75)-1 mM DTT-1 
mM PMSF containing 0.1% Triton-XlOO so tiiat the 
cells were destroyed. Immediately after tills de- 
struction procedure of tiie cells, the suspension 
was centrifuged for 10 minutes at 10000 x g. The 
resuHant supernatant liquid was utilized as the re- 
verse transcriptase fraction. The yeast cells which 
could not induce the expression of tiie reverse 
transcriptase gene in a minimal nutrient medium 
containing phosphoric add at a lower concentration 
and tiie yeast cells which were transformed witi) 
plasmid; pAM82 devdd of ttie reverse transcriptase 
gene were processed tiie same manner as men- 
tioned above to prepare supernatant liquids which 
were used as tiie control fractions. The supernatant 
liquids thus obtained were respectively assayed for 
the reverse transcriptase activity by use of two 



template; poly(rA)»digo(dT) and poly(rC)»oligo - 
(dG). A DMA polymerase and a terminal transferase 
present in a crude fraction of the reverse transcrip- 
tase are also able to syntiiesize DNA using poly- 

5 (rA)*oiigo(dT) as a template. While poly(rC)«oiigo- 
(dG) is hardly utilized as a template by DNA pdy 
merase. The terminal transferase does riot have a 
substrate specificity to template DMA. Therefore, 
the contaminated enzymes; DNA polym«Bse and 

10 terminal transferase could be d^ected in tt)e assay 
accorcfing to the invention by means of using poly- 
(rA)»origo(dT) as tiie template, substituting dGTP 
for ttie substrate dTTP ir^ispensable fbr ttie syn- 
tiiests of tiie desired DNA. 

75 Yeast AH22 strain containing plasmid pAM82 
and containing a recomliMnant plasmid pAM«ORF V 
were respectively Inoculated In a higher Pi medium 
(100 ml) which was prepared by adcting histidine - 
(20 mg/1) and KH,P04 (1^ g/l) to Buricholder mini- 

20 mat nutriant medium (See: Basti an et ain Proa 
1^ Acad. Sd. U.SA 77, 4504 (1980)). and ttiese 
str^ were cuttured at SO^'C witti aeration. 

10 ml of the culture solution was sampled at 
tiie time when the cell concentration amounted to 

25 about 2x10'Anl, and ttie sanpled cuKwe solution - 
(10 ml) was centrifuged to collect the cells. The 
ceBs were tiien suspended in a lower Pi medium - 
(10 ml) which was prepared by adding histicfine ^ 
mgAnI) and KCI (1^ g/0 to Buricholder's minimal 

3D nutrient medium, and continued to culture. The 
culture of yeast ceils which -cfid not induce tiie 
activation of add phosphatase promot er were cen- 
trifuged and tiie cODecfeed ceOs were again cultured 
in the fngher R- medium. When the cell number 

35 amounted to 2x10^/^11, whole tiie culture solution - 
(10 ml) was centrifuged and tiie collected cells 
were resuspended in a spheroplast preparation so- 
lution (Zynnolase 100T (100 g/lml), 1^ M sorbitol. 
50 mfA phosphate buffer (pH 72), 1 nM dfthiotti- 

40 reitol) (3 mO and allowed to stand fbr 30 minutes at 
30*C. The resultant solution containing 
spheroplasts tiius obtained was centrifuged at 2500 
rpm for 5 minutes. The collected spheroplasts were 
suspended in an ice-cooled hypotonic solution for 

45 degradation tiiereof (0.1% Triton X-100, 1 mM 
dmotiir^ (DTT), 1 mM phenylmettiyteuHbnyl- 
fluoride (PMSF). 50 mM Tris-HCI buffer (pH 7.5) (1 
ml) and was kept for 10 minutes at 0*C. followed 
by centrifugation at 7000 rpm for 10 minutes. The 

50 resultant supernatant solution was assayed fbr re- 
verse tr an script a se activity. Protein c on ce n tration 
was assayed by a modified Bradford method - 
(Bradford. Anal. Biochem.. 72, 249 (1976) using 
Protein Assay lot (Bio-Rad). 

55 Yeast cells containing pAM*ORF V (plasmid 
inserted witti ORF=V) and yeast cells containing 
pAM82 (plasmid not inserted witii ORi=V) were 
cuttured in such a manner as mentioned above in 
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either inducing (positive) or not inductng (negative) 
condition for the production of reverse transcriptase 
and processed to prepare a crude solution contain^ 
ing the reverse transcriptase. The reverse tran- 
acriptase activity (RNA dependent DMA synthesiz- 
ing activity) in the preparated solution was assayed 
using as the template poly(rA)*oligo(dT) and poly- 
(rC).olgo(dG). 

In the case of poly(rA)«ofigo(dT) as the tem- 
plate. Incorporation of PHJdTMP into the add^n- 
soluble fractions was measured. In the case of 
poly(r(>oligo(dQ) as the template, incorporation of 
PHldGMP into the acid-insolut)le fractions was 
measured. The reverse transcriptase activity was 
eocpressed in terms of the i n corporation of ^Hh 
dlMP or PH]dGMP as mentioned Terminal trans* 
Israae which is often existing together with the 
reverse transcriptase in the isolated solution was 
assayed in terms of the quantity of pH]dQMP In- 
corporated into add tnsohi)le fraction by use of 
poly(rA)ttOligo(dT) as the template. 

Dude isolatod solutions corresponcfing to pro- 
tein as 9 ug were sut^iected to the assay for the 
enzyme activity, which was conckictBd in the reac- 
tion solution as mentioned above from 30 minutes 



at 30»C. The enzyme activity was expressed in 
terms of the specific activity (See: Table 1), which 
connesponds to the DMA synthesizing ability (as 
pmol of deoxymononudeotide) per 1 mg of protein. 

5 Increase m the adhrity of Rf4A dependent DHA 
synthesizing enzyme was observed only in the 
yeast cells oontaining plasmid pAIM)RF V. in 
which the enzyme production was Induced therein. 
In vtew of template spedfidty. the incraase in the 

10 enzyme aclh% may attributed to the production of 
the reverse transcriptase which has been coded by 
ORF V. Such an induction of the reverse transcrip- 
tase as mentioned atwve daariy demonstrated that 
this enzyme oonreeponds to the polypeptide coded 

TS by ORFV gene of caiAflower mostic vims which 
has been inserted down stream of add 
phosphatase promoter derived from the ptasrrrid 
PAM82. The Induced enzyme was fidly resisIM to 
N-ethyl-fnateimide (1 mM) which Is known as a 

ao DMA polymeraae inhibitor. There was not observed 
any Increase by Induction In temninal transferase 
acth%. 
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Table 1 

Expression of gene encoding for reverse transcriptase 
In yeast cells 



Specific activity 



Plasmid 


xnauc- 
tion 


poly(rA)-oligo(dT) 
[%]dTTP 


poly(rC)-oligo(dG) 
[3H3dGTP 


poly(rA)-oligo(dT) 
[%]dGTP 


pAM82 




60.2 


14.3 




pAM82 


-I- 


12.2 


11.1 


10.8 


pAMtORFV 




34.4 


14.2 




pAM:ORFV 


+ 


486 


191 


13.0 



DCAMPLE3 

Purification of the reverse transcriptase produced 
by use of yeast cells containing recombinant plas- 
mid pAM«ORFV 



(1) The yeast cells containing pAM«ORF V • 
^ (AH224>AM#ORFV) (deposited under FERHH BP- 
851) was cuHurad under the conditions as de- 
scribed in the Bcample 2 as that the production of 
the reverse transcriptas e may be induced. 1.5 Rter 
of the cultured solution (total cell number about 
^ 3x10*) obtained was used as the starting material. 
The culture solution was centrifuged in a ooriven- 
ttonal manner so that the cells of the yeast were 
collected. The ooHected cells were resuspended in 
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a preparing solution for spheroplast (100 mi) and 
allowed to stand under warming at 30*C for 30 
minutes so that spheroplast were prepared. The 
resulting solution containing ^heroplasts were 
centrifuged and the spheroplasts thus collected 
were resuspended in a hypotonic solution for deg- 
radation of spheroplasts (50 ml) which had pre- 
viously been toe-cooled. The suspension obtained 
was kept at 0^0 for 10 minutes, and then was 
centrifuged (7000 rpm) at 4"C for 10 minutes so 
that there was prepared a supernatant solution (51 
ml) containing a total amount of 80 mg of protein. 
The following procedure was canried out at 4*C in 
order to purify the enzyme preparation. 



(2) Fractional purification of a crude solution con- 
tainirig the reverse transcriptase by mesne of 
phosphocellulose column chromatography 

As phosphocellulose praparation, P 11 (a prod- 
uct of Watmann) was used. The phosphocellulose 
P 11 activatad in a conventional manner was equili- 
brated In the kMiffer A containing 50 mM Tris-Hd - 
(pH 7.5), 2 mM mercaptoethanoU 0.2 mM EDTA, 
0.01% NP-40. 20% (w/v) glycerol A crude solution 
(50 ml contairting tfie reverse transcriptase (protein 
concentration: 1.76 mg/kml) was cfiarged at a flow 
rate of 20 mVhour onto a oohmm (2 cm in diam- 
eter, 3 cm in heigtit) filled with phosphoceflulose 
previously equilibrated in the buffer A containing 50 
mM KCL After washing with 20 ml of buffer A 
containing 50 mA, ifie phosphocellulose In the col- 
umn was subjected to a gracfient olutHion Qotal 
eiution volume: 100 ml) with the buffer A, eluting 
with a gradient of Increasing Dnearly the KCI con- 
centration from 50 mM to 800 mM so that the 
reverse transcriptase adsorbed on the phosphocel- 
lulose was etuted out The eluate ^mbs collectBd 
each in a fraction of 0.8 ml. A sample (0.005 ml) 
was wiUtdrawn from each fractions of the eluate 
and was assayed for the reverse transcriptase ac- 
tivity using as the template poly(rA)»oiigo(dT) ac- 
cording to the procedure described above. 

The enzyme activity determined in the reaction 
at 20*C for 1 hour, protein content and KCI con- 
centration in the fractions are shown in F^. 2. As 
apparent from the Fig. 2, the enzyme was eluted 
out in the eluate (buffer solution A) containing 0.35 
M to 0.58 M KQ. exhibifing a single peak of the 
activity at the concentration of 0.45 M KCI. Frac- 
tions Nos. 88 to 112 (total volume: 10 ml, total 
amount of protein: 2.52 mg) were termed 
pfiosphocellulose fraction. 



(3) Fractional purification of the phos0hoceliuk>se 
fraction containing the reverse transcriptase by 
single-stranded DMA cellubse column chromatog- 
raphy. 

5 

A calf tiiymus DMA processed with a mixture of 
phenol and chtorotorm was treated virith an alkali 
solution so that single-stranded DMA was obtained. 
The single-stranded DMA was processed together 

70 wHh ceilutose CP 11 (Watmann) In a conventional 
manner, to prepare a DMA cellutose capable of 
containing 1 mg DMA per 1 mi volume in a column* 
The ^ngle-stranded DMA ceDutose saturated with 
the buffer A contdning 1M Ka, was filled in a 

75 column (12 cm In diameter, 2.5 cm in height 
which was washed 10 times the column capacity of 
the buffer solution A containing 1M KCI, fbltowed 
tiy equllibrstion with ttie buffer solution A contain- 
ing 20 mM KCI. 

20 The phosphoceilutose fraction (total amount of 
2.4 mg of protein) (9.5 ml) was dialyzed ag^r^the 
buffer solution A containing 20 mM KQ. The dia- 
lyzlng solution (500 ml) was replaced twice at an 
interval of 2 hours. The dialysis was performed in 

25 an ice-batch. When the KCI concentration in the 
phosphoceilutose fraction became betow 50 mM, 
the phosphooeiiulose fraction was cfiarged at a flow 
rate of 10 ml/hour onto a column filled wHh a 
single-stranded ceHutose. The single-stranded oel- 

30 hitose filled In the cc^mn was washed wtth the 
buffer solution A ^ mO containing 20 mM KCI, 
and then was subjected to a gradient eiution (total 
eiution volume: 30 ml) witti tiie tMifiier solution A, 
luting with a gractient of increasing Gnearty Hs 1^ 

35 concentration from 20 mM to 1M so ttiat tiie re- 
verse transcr ip tase adsorbed on the tingle-strand- 
ed ceiyose was eluted. The elute was collected 
wach In a fraction of 0.5 ml. A sample (0.003 ml) 
wilhdrawn from each fractions of the ekiate was 

40 assayed for the reverse transcriptase activity using 
as the templete poly(rA)»ongo(dT) according to tiie 
procedure described above. The enzyme activity 
determined in the reaction at 20^C for 1 hour and 
KCt concentration are shown in Fig. 3. As apparent 

45 from the Rg. 3, about 80% of the total enzyme 
activity was eluted out in tiie eluate (buffer sohition 
A) contelning 0.2M to 0.42M KQ. exhitriting a sin- 
gle peak (maximum actvity) at the concentration of 
0.3M KO. Fraction Nos. 19 to 23 (total volume: 2.5 

50 ml, total amount of protein 0.41 mg) were tenned 
the single-stranded DMA cellulose fraction. 



(4) Purification of the single-stranded DMA cellutose 
55 fraction containing tiie reverse transcriptase by 
means of glycerol density-gradient centritogafion 
metiiod 
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The singte-stranded DNA cellulose fraction (2.4 
ml) was (iBIuted two times with the txiffer solution A 
without glycerol, and immedlatsly was charged 
onto a column (volume: 1 ml) filled wHh 
phosphocelhilose previously equilit)ratBd In the 
buffer A containing 10% (wAr) glycerol. The txrffer 
soMion A (glycerol concentration: 10%) containing 
1M KO was passed through the column 80 that the 
enzyme, reverse transcr^ition was eluted. The 
ekiate was collected each in a fraction of 0.1 ml. 
The fractions rich In the reverse transcriptase (total* 
0.4 ml) was served as the concentrated enzyme 
fraction in the following procedure. 

the concentrated enzyme fraction (0.1 ml) was 
plaoed on a phase of a glycerin density graclBent 
which was prepared from the buffer solution A (5 
mO oontairring 1M KC\ as linearly Increasing the 
glycerine concentration from 15% to 35% and the 
conMied phases were centdfuged using Mtachi 
RPS 50-2 rotor at 48000 rpm for 24 hours. When 
the oantrifugation was finished, the c entrif u ged 80> 
lulion was ooHected from the bottom of the oen- 
IrNuge lube each in a fraction of 0.1 2 ml. A sample 
(0M2 ml) wi th drawn from each fractions was as^ 
sayed for the reverse transcriptase activity using as 
the template poly(rA)*oligo(dT) acconfing to the 
procedure as described herei n before (the reaction 
for assay of the enzyme was canried out at 20*C 
for 1 hour). The lesutts are as shown in Rg. 4. 
There was observed a single peak for the enzyme 



activity in the sedimentation fractions correspond- 
ing to the molecular weight from 70000 dalton to 
80000 dalton (the molecular weight was decided 
based on and compared to the sedimentatkm of 

5 cytochrome 0, aldolase and catatase as the marker 
which were centrifuged under the same condi- 
tkm). On the basis of the base number of ORFV - 
(2043 nudeotkles). the molecular weight of the 
potypeptkle to be coded for may be estimated as 

10 having a molecular weis^ of about 79000 daltoa 
The enzyme fractkm Nos. 23 to 28 were com- 
bined and dialyzed against the buffer sokitkm A 
containing 0.1M KCI. whk:h was tenmed glycerol 
density gradient centrifugatkm fifactkNi. A aumma- 

15 rized process for the purfficatkxi of the reverse 
tr an script a se produced by yeast cells - 
{AH22/|p>AM»ORFV) cont^ning the recombinant 
plasmM pAMMRFV is shown in T^ 2. One unit 
of the reverse transcri p tase acthfity (In the Table 

ao 2) is referred to as the enzyme activity whkii 
inoorporales 1 n mol of dTMP into acM insokible 
fractkm at 20*C for 1 hour. But, for crude isolalad 
sohitkm the enzyme activity was assayed by the 
rsactkx) for 15 minutes at 20*C and the activity 

25 assayed was converted to and expressed in terms 
of the one as for 1 fiour of reaction. 

The enzyme yieU in the final product, the 
glyoeiol density grateit centrtfugalkm fractton was 
20%, and the enzyme has been purified about 

30 4000 times in terms of specific activity. 



Table 2 

Purification of the reverse transcriptase coded by ORFV gene 
of CaMV which is expressed in yeast cells 



Fraction 


Total amount of 
protein (mg) 


Total unit 
nuaber of 
activity 


Specific activity 
(unit/iDg protein) 


Crude extract fraction 


90 


105.3 


1.18 


Pbosphocellulose fraction 


2.52 


37.1 


15.1 


Single-stranded DKA- 


0.41 


23.A 


74.9 


cellulose fraction 


Glycerol density gradient 


<0.005 


20.2 


>4032 


centrifugation fraction 
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BCAMPLE4 

The template specificity of the enzyme pro- 
duced in the yeast ceils (AH22/|f^AM«AM«ORFV) - 
{FERM BP-851) was examined at various steps in 
the purification procedure so that the potypeqptide 
encoded by ORFV gene was oonfinmed to have a 
reverse transcriptase activity. 

The reverse transcriptase Is characterized in 
the at)illty to utilize as the template poly(rAy«oilgo- 
(dT) as vyell as poly(rC)«oligo(d6) and poly(rCm)- 
•oligo(dG) 

(polyriiximethyicytDsinttOlloodeQxyglyctne). Crude 



extraction fraction, phosphocellulose fraction, 
single-stranded DMA cellulose fraction and glycerol 
density gradient centrffugalion fraction which were 
prepared in each step of the same purification 

5 procedure as descrilsed In the Example 3, were 
assayed for the reverse transcriptase activity in the 
presence of 3 kinds of templates. The reaction 
solution (fix nH). the template (90 ug/imi), the 
enzyme (9 ug -5 ng) were allowed to react in the 

fo same mann«^ as mentioned hereint)efbre at 20*C 
for 1 hour. The enzyme activity assayed is ex- 
pressed in terms of the incorporation (n mol) into 
the add insoluble fraction of dNMP per 1 mg 
protein (See: the Table 3). 

T5 



Table 3 

Teiiq>late specificity of the enzyme at vECCious steps of 
purification 



Specific activity (nmol/nig protein) poly- 
poly (rA)-oligo(dT) poly(rC}-oligo(d6) - (iCta) -oligo(dG) 



Crude extract 
fraction 


1,21 


0.418 


nd 


Phosphocellulose 
fraction 


20.1 


2.82 


1.14 


Single-stranded 
DKA'Cellulose 
fraction 


87.7 


13.7 


9.23 


Glycerol density 
gradient centri- 
fugatiion fraction 


A050 


1030 


1050 



The optimum temperature for the reverse tran- 
scriptase activity of each fractions otitained at var- 
ious steps of the purification was 20*^0. The en- 
zyme activity of each fractions measured at 15*C 
and 30«C was 70% and 50% respectively of the 
acti^ of the same fractions measured at 20"C. 
The enzyme activity in the reaction at 20*C 
showed a linear increasement for 3 hours, and then 
it continued to Increase with a different rate. Only 
the enzyme activity in the crude extract fraction 
increased lineariy for 20 minutes after the starting 
of the reaction and then it was held constant 



The enzyme fraction obtained by glycerol 
density-gradient centrifugation has been demon- 
strstad as purified 46 times In the assay using 
poly(rA)«oligo(dT), 75 times in the assay using 
poly(rC>oligo(dG). and 113 times in the assay 
using poly(rCm)^ligo(dG), each comparing with 
the enzyme fraction obtedned tyy use of single- 
stranded DIMA cellulose column. In the enzyme 
fraction obtained by glycerol density-gradient cen- 
trihigation mettiod, there was completely main- 
tained all ttie template specificity characteristic for 
the reverse transcriptase. 
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As apparent from the detailed description, 
there could be isolated as a purified form an en- 
zyme identified as the reverse transcriptase so far 
as ORFV gene is induced to be expressed in yeast 
cells transformed with pAM»ORFV gene. 

A method for production of the reverse tran- 
scriptase encoded by cauliflower mosaic vinjses 
was thus established by use of yeast ceils. 



1. A reverse transcriptase encoded by cauB- 
flower mosaic virus. 

2. A cauBfiower mosaic vims gene enoo(fing a 
polypeptide having a reverse transc ri ptase actMty. 

3. A recombinant DNA which is composed of a 
gene derived from cauliflower mosaic viruses en- 
coding a polypeptide having a reverse transcrip- 
tase activity and of a vector DI4A to be repHcatad 
in procaryotic or eucaryotic cells, and wherein the 
ootfng sequence of the gene is located down 
stream of a promotor sequence. 

4. A Bving ceD fine of eucaryote or procaryoto 
each transfonmed by a recombinant Df^ which is 
composed of cauliflower mosaic virus gene encod- 
ing a polypeptide having a reverse transc ri ptase 
acth%. and of a vector DNA to be repRcatod in 
eucaryotic or procaryotic ceils, and wherein the 
coding sequence of the gene is located down 
stream of a promoter sequence. 

5. A method for production of reverse tran- 
scriptase which comprises cultivating in a mecSum 
procaryotic or eucaryotic celis each transfbnnMd 
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with a recombinant DNA which is compose d of a 
gene encoding a polypeptide having a reverse tran- 
scriptase activHy and of a vector DNA to be repli- 
cated in procaryotic or eucaryotic cells, the coding 
sequence of the gene being located down straan 
of a promoter sequence. 

6. A method for production of reverse tran- 
scriptase as dabned in daim 5, wherein the gene 
is prepared by messenger RNA derived from pro- 
caryotic or eucaryotic cells. 

7. A method for production of reverse tran- 
scr^ytase as claimed in daim 5, wherein the 
eucaryotic cells are cells Infected wHh mimal or 
plant viruses each encocing Ibr the polypeptide 
having a reverse transcriptase activity, or are ceUs 
irijected wHh RNA or DNA of the viruses. 

a A method for production of reverse tran- 
scriptase as datmed in daim 6. wherein the pro- 
caryote betonos to the oenus of Escherichia! 

9. A method for production of reverse tran- 
scriptase as claimed in daim 8, wherein the bac- 
terium of the germs gsdiai^ is EschericWa 

10. A method for production of reverse tran- 
scrifmse as claimed in daim 6. wherein the 
eucaryote belongs to a yeast of the genus of 

11. A method for production of reverse tran- 
scriptase as claimed in daim 10, wherein the yeast 
of the oenus of Saccharomvcea is gflwhgmiffim 
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